Cortex Moutan (Paeonia suffruticosa Andr.) is a common traditional Chinese medicine and has been widely used in clinic for 2000 years in China. As sources for this crude drug are always mixed with other species, many cultivars on herbal market may lead to quality instability. Multi-component quantitative analysis is an efficient method to reflect chemical profiles of herb medicine and is always taken as the main method for quality evaluation. So, the aim of this work is to develop analytical method to quantify paeonol, paeoniflorin, gallic acid, oxypaeoniflorin, benzoylpaeoniflorin and paeonolide in Cortex Moutan (CM) to evaluate the chemical qualities of CM from different species or cultivars. Besides, we also study the intestinal absorption characteristics of paeonol and paeoniflorin for further pharmacological evaluation. In the present study, all of the standard markers were performed on an Ecosil C 18 (250 mm × 4.6 mm, 5 μM, Lubex Co., Guangzhou, China) with linear gradient elution of 0.2% formic acid water and acetonitrile. The proposed method was applied to analyze 50 batches of samples with acceptable linearity (R 2 , 0.9995 -0.9999), precisions (RSD, 0.47% -2.08%), repeatability (RSD, 039% -2.63%), stability (RSD, 0.52% -2.45%), and recovery (RSD, 0.72% -3.03%) of the six compounds. Furthermore, the Hierarchical Cluster Analysis was applied to classify the 50 samples based on contents of the six compound markers. The results obtained from multi-component quantification of CM clearly indicated that CM originated from P. suffruticosa and P. ostii presented different chemical properties, and that samples from the two materials could be gathered into one branch, respectively, while CM sourced from cultivars of P. suffruticosa showed great variety on chemical quality.
Introduction
Paeonia suffruticosa Andr. is a famous ornamental plant in China and is widely cultivated throughout the world [1] . Cortex Moutan (CM), from the dried root bark of Paeonia suffruticosa Andr. [2] , has been used as a traditional Chinese medicine with treatment of blood related disorders for 2000 years [3] . CM is also widely used in Chinese Patent Medicines as one sub-material, such as in famous LiuweiDihuang preparations, GuizhiFuling tablet and Rhubarb Peony Decoction [4] [5] [6] . According to Chinese Pharmacopoeia, CM should originate from Paeonia Suffruticosa Andr. [2] , while another CM called "Fengdanpi", which is derived from P. ostii T. Hong et J.X. Zhang, mainly growing in Anhui province, is also widely circulated on herbal market and used as a major source of CM in clinic [7] .
As a common traditional Chinese medicine, CM is believed to have effects of clearing away heat and cooling blood, activating blood circulation to dissipate blood stasis [8] . At present, seven classes of compounds have been isolated from CM: phenols, monoterpenes, monoterpene glycosides, flavonoids, tannins, triterpenoids and others [9] [10] [11] [12] . Phenols and monoterpene glycosides are the predominant active ingredients [13] [14] [15] [16] . Nevertheless, the therapeutic properties of CM always correlate with its sources and geographical origins [17] . Besides, some CMs originated from cultivars may circulate on the market. Thus, this circumstance may result in quality instability and further affect clinical efficacy of CM [13] . So, it is urgent to develop an effective method to evaluate quality of CM.
To date, only one or two bioactive components such as paeonol or paeoniflorin have been chosen as chemical markers for quality assessment of CM [18] [19], which may not reflect overall chemical quality of CM. High performance liquid chromatography coupled with Mass spectrum (HPLC-MS) is the main regular technique for the qualitative or quantitative analysis in herbal medicine [20] [21] . In the previous study, we had established a HPLC fingerprint of CM and identified the most components from the common peaks by Mass spectrum technique. Among the identified common ingredients, paeonol, paeoniflorin, contents in the CM fingerprint [22] . So, the present study will focus on the quantification of the six compounds ( Figure 1 ) in CM from different sources and geographical origins.
For herbal medicine, only the absorbed constituents may produce possible pharmacological effects. However, crude herbal extracts are often directly added into cells or organs culture system in vitro in some studies, without considering of absorption process, as not all the components could be absorbed or fully absorbed. The false positive results or the false negative results may occur easily.
Furthermore, the real pharmacological effects of crude drugs are also a reflection of its quality. Thus, intestinal absorption characteristics of crude herbal drugs are needed to consider. As paeonol and paeoniflorin are the main components in CM, it is necessary to study their intestinal absorption characteristics for clinical efficacy evaluation of CM. As everted intestinal sac test is a simple and effective method to reflect absorption activities of components from crude drugs [23] [24], we have tested the absorption activities of paeonol and paeoniflorin in jejunum and ileum at different absorption time.
Materials and Methods

Chemical Reagents and Crude Drug Materials
Six standard compounds of gallic acid, oxypaeoniflorin, paeonolide, paeoniflorin, benzoylpaeoniflorin and paeonol were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China).
The purity of each standard compound was above 98% and suitable for HPLC analysis. HPLC grade Acetonitrile was purchased from Tedia Company Inc.
(Fairfield, OH, USA). Formic acid of HPLC-grade was purchased from Chongqing Chuandong Chemical co., Ltd. (Chongqing, China). Methanol for extraction was purchased from Chendu Jinshan Chemical Reagent co., Ltd. (Chengdu, China).
Water was purified using an ultra-pure water machine from Sichuan Youpu Ultra-pure Technology Co., Ltd. (Sichuan, China).
Fifty batches of CM (S1-S50) were collected from three main production regions in China. Of these, S1-S24 originated from Paeonia suffruticosa Andr. were 
Preparation of Standard and Sample Solution
A mixed stock standard solution containing gallic acid, oxypaeoniflorin, paeonolide, paeoniflorin, benzoylpaeoniflorin and paeonol was prepared by accurately weighing appropriate amounts of the six reference compounds and dissolving in 70% methanol. All the standard stock and working solutions were stored at 4˚C.
All the materials were dried to constant weight, then pulverized and sifted through a 40 mesh sieve. Powdered sample (0.5 g) was weighed accurately, and all samples were ultrasonically extracted using 50 mL 70% methanol for 30 min at room temperature, and then settled to the volume of 50 mL. The extracted solution was centrifuged at 12,000 rpm for 5 min, and the supernatant was filtered through a 0.22 µM nylon membrane filter. The filtrates were analyzed directly by HPLC-MS.
CM extract was prepared with 70% ethanol under reflux for 2 h. The extraction process was repeated twice. The extract was concentrated under reduced pressure using the rotary evaporator, and followed by dilution with Tyrode buffer to the concentration of 0.1 g/mL.
Experimental Animals
Adult male Sprague-Dawley rats weighing (220 -250 g) were obtained from 
Instrumentation and Analytical Conditions
The HPLC analyses were performed using liquid chromatography system (Shimadzu Co., Japan) coupled with a mass spectrometer equipped with an electrospray ion source (ESI-MS) (Shimadzu Co., Japan). Samples were separated on an 
Assay Validation
The quantitative analysis of six standard compounds was validated under the above-described optimized conditions in terms of linearity, precision, stability, repeatability and recovery. A series of standard solutions for constructing working standard curves were prepared by diluting the mixed stock standard solution 1, 2, 4, 8, 16, 32, 64 times with 70% methanol, and a calibration curve was established by plotting peak areas (y axis) versus concentrations (x axis). The limit of detection (LOD) and lower limits of quantification (LOQ) of the six standard compounds were determined by continuously diluting the standard solution until the S/N (signal to noise) ratios reached around 3 and 10, respectively. A mixed standard solution was analyzed for six replicates within the same day for evaluating intra-day precision, and on once for 12 hours at intervals for three consecutive days for evaluating inter-day precision. Repeatability was evaluated by analysis of six samples (S19) which were prepared with the same preparation procedure and processed in parallel as described above. The extract of S19 was analyzed at 0, 2, 4, 8, 12, 16 and 24 hour at room temperature for evaluating the The injection volume of sample solution and mixed standard solution was 10 µL, and the contents of gallic acid, oxypaeoniflorin, paeonolide, paeoniflorin, benzoylpaeoniflorin and paeonol (mg/g) was calculated according to the external standard method.
The Intestinal Absorbed Solution Preparation
Rats were fasted for 12 h before the experiment. Under anesthesia, the intestine 
Results and Discussion
Method Validation and Linearity of Calibration
The external standard method was established to obtain regression. The calculated results are shown in Table 1 , the correlation coefficient values r ≥ 0.9995, for repeatability study were all less than 2.63%, which indicated good reproducibility of the developed method. As for stability evaluation, the RSD values of the mean content were not more than 2.45%, which indicated that the sample solution was found to be stable. The mean recovery of the method was in the range of 98.05% -100.22%, with RSD of less than 3.03%. The results of the recovery assays showed that the method was thus acceptable. All results are listed in Table 2.
Quantitative Analysis of Six Compounds
The developed analytical method was subsequently applied to analysis of six components in 50 individuals of CM. The contents of six constituents with the mean values of three replicate injections were summarized in Table 3 . All the six compounds could be detected in samples and paeoniflorin and paeonol were the main components, which accounted for 60% -90% amounts of all the detected compounds. Besides, samples collected from different areas showed great variety.
Quality Assessment of CM by Hierarchical Cluster Analysis
To evaluate variation of the CM, Hierarchical Cluster Analysis (HCA) was performed based on the chemical characteristics of samples. HCA of 50 samples were established by SPSS software (SPSS 13.0 for Windows, SPSS Inc., USA), in which a method called average linkage between groups was employed and the six markers were selected as the measurement. As shown in Figure 3 , two clusters Table 2 . Precision, repeatability, stability and recovery results for the assay of six standards. sources other than planting areas were the key factor for the quality stability of CM.
As CM originated from P. suffruticosa and P. ostii are the main materials of CM and they are also widely circulated on herbal market, the present study could discriminate the two sources by quantification of six compound markers. The established analytical method is effective for quality evaluation of CM.
Measurement of Intestinal Absorption of Paeonol and Paeoniflorin
Paeonol and paeoniflorin were chosen for intestinal absorption assay of CM, as the two components accounted for 60% -90% amounts of the detected six components. The intestinal absorbed samples were analyzed using the quantitative method established in 2.4. The intestinal absorbed amounts of two ingredients were detected increasing with absorption time. Paeoniflorin showed higher intestinal absorption than that of paeonol in the two different parts of intestine (as shown in Table 4 ).
The absorption rates were then calculated and varied from 6.69% to 15.93% Table 4 . The absorbed amounts of paeonol and paeoniflorin from CM extract. The intestinal absorption test indicated that paeoniflorin and paeonol could be absorbed in jejunum and ileum, and the absorbed amounts increased with time. paeoniflorin showed higher absorption rates than that of paeonol.
Conclusion
The findings obtained from multi-component quantification of CM clearly indicated that CM originated from P. suffruticosa and P. ostii showed different chemical properties, and that the two materials had related stable quality, while CM sourced from cultivars of P. suffruticosa showed great variety on chemical quality. The outcomes from intestinal absorption test in vitro specified that paeoniflorin and paeonol presented different absorption characteristics, in which paeoniflorin was detected having higher absorption rate than that of paeonol.
However, further research is needed to elucidate the real pharmacological effects of these absorbed components for pharmacological evaluation of CM. The experimental findings suggest that the established chemical method could be taken as a powerful tool for the quality evaluation of CM from different sources. Meanwhile, the intestinal absorption properties of CM could provide useful information for further pharmacological evaluation of CM.
